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Abstract 
Human skeletal remains offers the most direct insight into the health, well-being, and the lifestyles of 
both past and modern populations, as well as the study of violence and traumas encountered both 
from archaeological and forensic contexts. They also allow archaeologists and anthropologists to 
reconstruction demographic details, none more so than those of children, where mortality rates were 
high in most human populations until the twentieth century. The study of children within biological 
anthropology had being taking place for many years now, but studies of mortality and morbidity are 
often hindered by the poor preservation of their skeletons or infrequent representation of skeletal 
elements. Taphonomic processes are often cited as the cause of this ‘under-representation’ of children 
from archaeological investigations. This phenomenon is thought to be as a result of the inability of 
non-adult bone to survive the changing conditions of the burial environment in which they are interred. 
Taphonomic factors can be divided into two types: intrinsic (resistance to bone) and extrinsic 
(environmental influences), both of which exert influence on the long term survival of non-adult bone. 
This paper aims to review the many intrinsic and extrinsic factors which can alter human bone and 
contribute to its deterioration in the burial environment in both archaeology and forensic science. 
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Introduction 
Taphonomy is a term deriving from the Greek words ‘taphos’ (burial) and ‘nomos’ (laws), and was first 
coined by Efremov in the 1940s (1). Efremov defined taphonomy as being the study of the ‘transition 
of all its detail of animal remains from the biosphere to the lithosphere or the geological record’. 
Taphonomy was originally a palaeotological term, but today, has been adopted by a range of experts, 
such as, zooarchaeologists, archaeologists and forensic scientists as a means to explain the many 
processes involved in the decomposition and skeletonization of human and animal burials. Efremov 
(1) implied that all processes affecting an assemblage (s) prior to its incorporation into a stable sub-
soil should be termed ‘taphonomic’. This could include both diagenesis and a range of anthropogenic 
processes such as selective killing, cooking and disposal practices. It can be argued that the main 
agent responsible for the outcome of human assemblages is humans themselves and how they treat 
their dead (2). 
Numerous authors have defined taphonomy in different ways. Bonnichsen (3) proposed the meaning 
of taphonomy as ‘the study of the accumulation and modification of osteological assemblages from a 
formation perspective’. Alternatively, Olsen (4) defined taphonomy ‘as the reconstructing of history of a 
fossil from the time of death to the time of recovery’. A more exclusive definition was used by Millard 
and Hedges (5) who described taphonomy as being distinct from both anthropogenic processes and 
diagenesis. According to Millard and Hedges the main taphonomic processes include digestion, 
trampling, burning and weathering.  
The state of preservation and representation of human remains can be determined by taphonomic 
factors, which may in turn be related to funerary practices, grave types, excavation and storage. Since 
the 1950s, the focus has been on the fossil record in terms of how well it reflects the actual 
palaeoecology of the biotic community (6), and on the selective processes that determine the 
contribution of a fossil assemblage (7). Many authors have contributed to the study of biological and 
cultural activity in past populations (8-13) and in more recent years the focus has shifted to 
archaeological and forensic anthropology (14-15).  
The survival of human bone is dependent on many variables, such as, soil pH, soil type, bone type 
and size, age and sex of the individuals. There is often an under-representation of children’s skeletons 
recovered from archaeological sites (16-19). This phenomenon is thought to be as a result of the 
inability of non-adult bone to survive the changing conditions of the burial environment in which they 
are interred. This paper aims to review the many intrinsic and extrinsic factors involved in bone 
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INTRINSIC FACTORS INVOLVED IN THE PRESERVATION OF BONE  
Age 
Age is important in relation to bone size. The bones of children are both smaller and less dense than 
adult bone; therefore they undergo decomposition processes in a shorter time than adults. Children’s 
bones have a high organic and low inorganic content which, in theory, makes them more susceptible 
to decay (20). However, there is a lack of studies on the chemical makeup of non-adult bones to draw 
any firm conclusions. Guy et al. (20) stated that infant type remains are soft, ill-structured bones, rich 
in interstitial water, and poorly protected from chemical and mechanical degradation. In addition, child 
remains are easier to disarticulate and remove by animals; this can hamper any investigation or 
excavation (Figure 1) (21-23). Immature bones are easily dispersed, lost and destroyed compared to 
adult bones (Figure 2). In a recent study by Manifold (24) on British skeletal assemblages, a 
preservation pattern was observed in what bones are likely to be present.  
 
Bone type and size 
There is a variation in the preservation of different bones. The bones most vulnerable to destruction 
are thought to be those with a high proportion of cancellous material, such as the sternum, vertebrae, 
ribs, and epiphyses. Among the vertebrae, it has been thought that the lumbar are the least and the 
cervical the most affected by soil erosion (25). However, recent studies on large numbers of non-adult 
skeletons  has found this to be in reverse, with the cervical and thoracic vertebrae in abundance, 
whilst the lumber is poorly preserved or absent (24).  This may also depend on the position of the body 
during burial, and if grave intercutting occurred. According to Mays (25), the hyoid bone and small 
bones of the hands and feet are almost always poorly represented. Elements with a high proportion of 
cortical bone, such as the skull, mandible and the long bones appear less affected by preservation 
(25). Von Endt and Ortner (26) have shown that rates of decay are inversely proportional to the bone 
size. They found when bones of different sizes were kept in water at constant temperature; nitrogen is 
released at a rate which is inversely proportional to bone size. Any weakening of the protein-mineral 
bonding of bone will enhance its degradation. Groundwater and its dissolved ions can penetrate bone, 
and bone size, both the external and internal surface area (porosity), available to groundwater is 
important in bone breakdown (26). 
Waldron (21) demonstrated that, the dense long bones and the compact parts of the cranium were 
present in 40-50% of cases, but he also found ribs to be well preserved.  Around 60-70% of cases 
included the vertebrae. Bones which were least preserved included many of the small bones, such as 
carpals and the phalanges. The body of the scapula was also poorly preserved, possibly due to been 
thin and vulnerable to damage. This study indicates better preservation of the large dense parts of the 
skeleton, such as the long bones and the cranium. Finally, Waldron (21) pointed out that the pattern of 
preservation found in his study is not necessarily the same for other sites. This would suggest that the 
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type of soil and burial environment conditions play an increasingly important role. 
Bello et al. (27) analysed four osteological samples, namely St Maximin, St Estève, and Observance, 
in France; and Spitalfields, in London. In all four samples, the scapulae, sterna, vertebrae, sacra, 
patellae and hand and foot bones were the least represented in both adults and non-adults. Overall, 
adult remains appear to survive better than those of non-adults. It was also found that male skeletons 
were better preserved than female (27). This suggests that bone density of certain bones is lower and 
therefore, may not survive the burial environment. Absence of the small bones such as the phalanges 
and carpals not being present maybe also due to excavation (i.e missed or not identified in the 
laboratory). The non-adult bones examined by Ingvarsson-Sundström (28) from Asine, Greece were 
found to be in good preservational condition. The bones most frequently found in a complete state 
were the bones of the hands, feet and vertebrae (arches). Parts of the cranium (the temporal bone: 
pars petrosa, and zygomatic) were also completely preserved. The findings were similar to Waldron’s 
(21) study West Tenter Street, London except for the phalanges, which were often found complete in 
the Asine material. In skeletal reports, it needs to be made clear as to what is meant by ‘poor’ bone 
preservation. Is this due to the condition of the bones of the skeletons or is it referred to the 
representation of the various elements. As bones can be recovered in a state of poor preservation (i.e 
the condition of the surface of the bones), but be well-represented.  
 
Pathology 
Pathological conditions and injuries are known to speed up the decomposition of buried bone. When 
bone is damaged through trauma or as a result of illness, it is easier for micro-organisms to enter; also 
the same may be said of those individuals with infectious diseases and blood poisoning. When there is 
a breakdown of bone in life such as with metabolic disease, this can have an effect on the rate of 
preservation (29-30). Rickets is caused by vitamin D deficiency in children, prevents calcium from 
being deposited in the developing cartilage as well as in the newly formed osteoid, which impedes 
bone mineralisation. The macroscopic appearance of rickets in non-adults tends to be long bone 
bending deformities and metaphyseal swelling. However, in cases of active rickets there is increased 
porosity of bone surfaces in particular the cranium and the growth plates. This increased porosity can 
lead to the bone appearing to ‘dissolve’ in the burial environment, which can make recovery of remains 
difficult. Another metabolic disease which cannot be frequently diagnosed is scurvy, a condition 
caused by the lack of vitamin C in the diet. This condition can also lead to an increase in porosity of 
the non-adult skeleton which makes it vulnerable to the changes of the burial environment (Figure 3). 
Metabolic conditions such as these, cause a decrease in the mineralisation of non-adult bone, this lack 
of mineralisation can be misinterpreted as poor preservation rather than disease (31).  
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Porosity and bone density 
Porosity has become an important indicator for diagenetic changes in bone. There is an increase in 
porosity as a result of mineral dissolution. Chaplin (32) noted that the rate of dissolution is dependent 
on the porosity of the skeletal tissue, as more porous tissues decays more rapidly than less porous 
tissue. This is important for non-adult bone as it has been shown that non-adult remains are more 
susceptibility to diagenetic contamination (26, 33-34) and this can be from the surrounding soil. More 
recently, Wittmers et al. (35) reported very high levels of diagenetic lead in the remains of newborns 
and young children, which they attributed to the increased porosity of such remains. Computer 
tomography (CT) images of non-adult bone have shown this to be the case in bones from a chalk 
environment where carbonate was absorbed from the soil (Manifold, unpublished).  Armour-Chelu and 
Andrews (36) found that a chalk environment was not favourable for bone preservation at Overton 
Down in the UK, where surface modification of non-adult remains occur within a few years due to their 
porous nature (Figure 4). The pore structure, which can be defined as the distribution of porosity for a 
given pore radius, can influence the amount of diagenesis. An increase in the rate of mineral 
dissolution process, will lead to greater porosity (37). Hedges and Millard (38) have highlighted pore 
structure as being of central importance when modelling bone mineral loss. Pore structure governs the 
internal surface area which is available for solid solution reactions. It also determines the rate at which 
groundwater can flow through the bone, and the rate at which diffusion can take place. Pore size also 
determines which pores will be filled with water and which will be empty, and so controls which parts of 
bones will interact with soil water. Numerous authors have put forward suggestions that bone porosity 
is important in the predicting the extent diagenesis (29, 38-39, 40). Lyman (13) indicated that 46% of 
the 184 assemblages studied were significantly and positively, correlated with bone density. It is 
thought that those processes that affect archaeological bones, do not affect modern bone. Nicholson 
(40) identified bone density as an important variable, but stressed that bone size was also of 
importance and that ‘it is unclear at what point bone size becomes more important than bone 
density….in influencing bone loss’. 
 
EXTRINSIC FACTORS INVOLVED IN THE PRESERVATION OF BONE 
Groundwater 
It is believed that groundwater is the most influential agent of bone diagenesis (37). Hedges and 
Millard (38) defined three hydrological environments: diffusive, recharge and flow. The diffusive regime 
refers to an environment where water movement is limited, in waterlogged conditions or where soils 
are not permanently saturated. With a recharge regime bones go through wetting and drying cycles, 
and as a result, porosity increases and the formation of large pores which increases the affects of the 
water cycle. Finally, in the flow regime the presence of bone buried in such an environment tends to 
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depends on the volume of water, (i.e rainfall and seasonal factors) (38). Groundwater is the medium 
for all other processes such as recrystallisation, dissolution, hydrolysis, microbiological attack and ion 
exchange to take place (37). In general, bone buried in soil where water movement is limited and 
calcium and phosphorous concentration are high, has the potential to survive for an indefinite period. 
Where water movement is greater there tends to be greater dissolution, and therefore, less well-
preserved bones, both macroscopically and microscopically (41). 
 
Soil type and pH 
Unfavourable geological conditions are often cited as a cause of poor preservation, but how much 
influence this has on sites and skeletal remains in Britain remains unclear. The geology of Great 
Britain is complex, with varying types and amounts of soil in each region. Soil type can be broken 
down into around 13 groups (Table 1). Therefore, preservation of bone varies considerably, not only 
from soil to soil, but also from one place of burial to another. Soil is made up of mineral and organic 
matter, air, water with differing soil types composed of differing ratios. Soil can be classified according 
to particle size as, clay, silt, sand or gravel (42) and soil pH is determined by the amount of hydrogen 
ions present. The concentration of which can be classed as neutral, acidic or alkaline (43). 
Environments affect bone in different ways (Table 2). In acidic environments, which can consist mostly 
of podsols, these soils tend to be abundant in Northern England and Scotland, where there is a 
tendency for the soils to be thin, acidic and wet, which may or may not have a negative impact on 
bone preservation (44). On the other hand, many peat environments have revealed excellent 
preservation due to the acidic nature of the sites in such an environment there is a lack of microbial 
attack and an accumulation of organic matter, which leads to the formation of blanket bog (45).  In a 
more alkaline environment, which consists of calcareous soils can result in mixed preservation, if 
remains are recovered from this soil type and have a high pH, then they tend to be in good condition 
(45), these soils tend to be found in the East Anglia and eastern and south-west England. In soils of a 
neutral pH, there can be varied conditions, these soils are well-drained and mostly located on the 
gravel and chalk areas of southern England. An increase in biological activity leads to a breakdown of 
organic matter, which results in a well-mixed, aerated soil and can lead to poor bone preservation (45). 
The main constituents of bone; the organic part (collagen) and mineral part (hydroxyapatite), are 
preserved at opposing pH levels (46). It is generally known that soils with a neutral or alkaline pH are 
better for preservation of bone, rather than acidic soils (29, 44), but this is not always the case. Locock 
et al. (47) found, that soil pH was not said to be the main controlling factor in the preservation of buried 
bone (47).  Some demineralisation of bone may occur as a result of the action of organic acids 
released during decomposition of the soft tissues, and therefore present in the soil where the bones 
are exposed (48). Overall, it would appear that the literature has produced come contradictions as to 
what environment is best for bone preservation. Henderson (29) stated that the speed of 
decomposition is increased in light porous soils, whilst dense clay soils may decrease the rate of 
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decomposition, and the deeper the burial, the poorer the preservation due to waterlogged clay (29). 
However, there may be limitations to these studies using animal bones, which may react differently to 
those of the human skeletons to soil conditions.  Nicholas (40) found acid moorland (pH 3.5-4.5) was 
the most destructive to bone and a chalk environment (pH 7.5-8.9) was the most favourable. However, 
between these two sets of figures there are many variables and should be used as an indication of the 
extremes. Maat (49) reported that the role of soils in preservation may be overestimated.   This should 
be viewed with caution, as a more recent study based on the decomposition of juvenile rats has shown 
that microbial activity is a major contributor to cadaver decomposition in soil, and it also shows that the 
persistence of a cadaver in soil can be influenced by the surrounding temperature and soil type (50). 
This would make soil pH and soil type a major determinant of bone preservation, and most probably in 
the less dense bones of non-adults. Other factors such as the depth of burial and type of burial should 
be considered alongside pH. In study by Nord et al. (51) on the degradation of archaeological objects 
and bones from prehistoric graves in Sweden, it was found that the environment affects preservation 
in three ways; firstly, the chemical environment (soil acidity) mainly affects the macroscopic 
appearance of the bone, secondly, the microbial activity, composed mainly of bacteria and fungi have 
a destructive affect on the organic contents of bone and the histological structure. Thirdly, the 
inorganic material is mainly destroyed by soil acidity, whereas proteins degrade at a higher pH. It 
would appear that calcareous soil is most suitable for the good preservation of macroscopic structure 
of human bone (52). 
Hydroxyapatite is relatively insoluble at pH 7.5, but is very soluble below pH 6, an example of very 
acidic soils is Sutton Hoo, Suffolk where no bones survived except soil stains (47). Soil pH in relation 
to age has proven to have an effect on the preservation of non-adults bones, which tend to decline 
more rapidly with increasing soil acidity. Mays (52) has reported good preservation in 60% of the 
infants recovered at Wharram Percy, and relates this to the alkaline burial environment, which has a 
pH of 7.3-8.5. Gordon and Buikstra (53) found that bone preservation was correlated with age of 
death, with younger individuals tending to have poorly preserved bones. It was found that at ‘marginal 
pH ranges all or most of the infants and children may be systematically eliminated from the mortuary 
samples by preservational bias’ (53). Walker et al. (54) examined skeletal remains recovered from 
Mission La Purisima, California and noted that poorly calcified remains of children were more 
susceptible to decay, which was due to the acidic soil in which they were buried, which allowed water 
to permeate through the bone, with subsequent soaking and drying distintegrating the fragile ribs and 
spine. The burial records for Mission La Purisima indicating 32% of the individuals buried in the 
cemetery were under 18 years, but only 6% of the skeletons represented individuals of this age. 
Nielsen-Marsh et al. (55) and Smith et al. (56) found that two categories of bones exist; those where 
preservation is determined by soil chemistry and those determined by taphonomy. In these studies, 
soil was classes into two groups, corrosive and benign. The corrosive soils were characterised by a 
low pH, high exchangeable acidity, and low organic content. These soils were mostly found in north 
and Western Europe, and are dominated by free-draining soil, (i.e sand and gravel and associated 
with absence of calcareous bedrock). In contrast, the benign soils had a more neutral pH value, low 
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exchangeable acidity and a high organic content. It was found that ‘benign’ soils did not have a big 
influence in determining preservation (55). Smith et al. (56) found that the state of preservation of bone 
did not appear to be related to soil conditions of a particular site, but to the taphonomic history before 
burial. Post-mortem defects also occur and must be taken into account when interpreting remains. 
Defects due to soils chemical erosion, exposure to the sun, water and mechanical processes can be 
observed on various parts of the skeletons (57). Soil activity is the primary cause of bone changes; soil 
chemical erosion causes proteins to be demineralised by acid environment and decomposition of bone 
occur due to bacteria. As a result, bones can become lighter and totally degrade; but whether this 
occurs in the remains of children is still debatable (57).  
 
Temperature  
Temperature and its affects vary with latitude, season, and depth of burial (29). One general rule is the 
reaction rate, which is approximately double for every 10°c rise in temperature (47). Temperature can 
have a profound effect on the chemical and biological processes in the soil (58), any increase in 
temperature will increase the activity of insects and bacteria, whereas any decreases in temperature 
will lead to the formation of ice crystals and the destruction of cell structure, the propagation of 
microfractures of bone, and disruption of the natural soil layer (59). These influctuations in soil 
temperature at a burial site can influence the survival of human remains (58).   It has been found that 
decay of organic components were faster at higher temperatures. Temperature variation can cause 
expansion and contraction of the earth, which can cause fragmentation of bone. This appears to be a 
particular concern when the bones are those of infants and children (28). These changes were 
observed at the Anglo-Saxon cemetery of Raunds Furnells, where 70% of the neonates and 10% of 
adolescents were fragmented, which was thought to be caused by the expansions and contraction of 
the Blisworth clay (60). More recently, it is reported that shallow burials of depths less than one metre 
would be expected to be more affected by soil temperature than those buried at depths of more than 
one metre (59). Crist et al. (61) described the process of bone displacement in non-adult crania from 
forensic contexts. The observed alternations were found to be inconsistent with lesions expected as a 
result of antemortem or perimortem trauma. It was suggested that the lesions were caused by 
taphonomic processes, like postmortem warping. This is important in establishing cause of death. 
 
Flora and fauna 
Flora and fauna plays a part in preservation, either directly or indirectly. Direct attacks on bone can 
result in damage and destruction of bone tissue; whereas indirect attacks result in disturbance of the 
remains and can lead to their removal and scattering of bones which can make collection difficult (29). 
Fauna can be responsible for disturbances and breakage of bone. Insects are known to destroy 
human remains, their influence varies with conditions of burial and factors such as season, latitude 
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and altitude (62). They can cause destruction of small bones and teeth. Also snails and other 
mammals can prey on human remains, destroying bones by gnawing, thus causing damage which can 
lead to alternations suggestive of pathology (29). 
 
Plant roots 
Plant roots can also damage bone; the marks can resemble pathological conditions and thus, cause 
misinterpretation of disease (63). Large roots leave indentations on the surface of bones and often the 
roots grow through the bones leaving holes which can be misinterpreted as ante mortem injuries, such 
as cancers and trepanations or injuries from arrows. Roots of plants growing around and above burials 
can cause both physical and chemical degradation. Roots creep into bones and exert a strong 
pressure on the bone walls, eventually causing fragmentation. They can also cause the dissolution of 
mineral components of bones by excreting humic acids. Lyman (13) described ‘root etching’ which 




The human impact on preservation is important. The obvious one is treatment of the body after death, 
type of burial-inhumation or cremation (29). Depending on how the corpse was treated prior to burial. 
In cremation, the bones are left in a friable state due to the disappearance of the organic components. 
This, however, may depend on the length of cremation, temperature, amount of fat and body position 
(28). With regard to the burial remains, the presence of coffins of wood, stone, or lead may protect 
bones from the surrounding environment. However, coffins made of wood collapse and decay over 
time, and can retain percolating water, which can subsequently cause bone destruction. Lead from 
coffins can leach into bones preventing examination of pathology on radiographs. Also, human impact 
can affect primary and secondary burials. Secondary burials may be confused with disturbance when 
based on the lack of completeness of the burials (2). Often secondary burials have an abundance of 
certain bones such as the skull and lack of other bones such as tiny bones of the hands and feet. 
When a body is moved from its primary burial site to a secondary site, some bones particularly small 
and distal elements can be lost during transfer. This can be the case with infant and child bones (2). 
Finally, the role of excavators and archaeologists may contribute to what bone elements are recovered 
and what is not. This may be due to the recognizing of bone elements, especially the developing 
epiphyses of the long bones, which are small pebble-like and easily mistaken for small stones. 
 
Grave depths  
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There is a common perception in archaeology that non-adult graves are shallow or pit graves, which 
are easily, exposed resulting in poor bone preservation or plough damage. Bello et al. (27) found that 
the non-adult graves at St Esteve Le Pont cemetery, ranged in depth from 0.1 to 0.3 metres, whereas 
the adult graves ranged from 0.1 to 1.4 metres deep. They suggested that two funerary patterns 
existed, with deeper graves for the adults and shallower graves for the non-adults (27). This also 
appeared to be the case at the Roman cemetery of Cannington, Somerset; where the infants had a 
greater tendency towards shallow graves, whereas the graves of the older children were similar in 
depth to the adults (64). The depths and lengths of children’s  graves are not always recorded, 
especially in the older collection excavations. Nevertheless, Ingvarsson-Sundstrom (28) reported that 
the graves of children in the lower town of Asine were shallow pit graves, which were often overlooked 
during excavation. At the fifth century rural cemetery of Chantambre in France, Murail and Girard (65) 
showed that children less than 15 years of age were buried at 1.40m compared to 1.56m for the adults 
and older children. Murail et al. (66) reported that a large number of children’s graves at the classic 
Kerma cemetery in Sudan were shallow, ranging from a few centimetres up to 30cms. At the Anglo-
Saxon site of Castledyke South, Barton-on-Humber,  non-adult graves ranged in depth from 0.05m up 
to 0.40m but there was no age correlation to grave depths as some of the older children were buried at 
a very shallow depth compared to a neonate who was buried at 0.30m (67). At the Anglo-Saxon 
cemeteries of Beckford and Worcester, non-adult burial ranged in depth from 0.6-0.7m to 1.2-1.2m, 
again no distinct burial and age pattern, as some of the adults’ burials were shallower than the non-
adults (68). At the multi-period site of St Peter’s, Barton-upon-Humbar; the children were rarely buried 
at greater than 0.6m. Whereas the adults ranged from 1.2m  to 1.5 m inside the church, and outside 
the church a depth of around 0.5-0.7m  (69).  At the Roman site of Poundbury Camp in Dorset, variety 
of depths were recorded, with the shallowest non-adult burials belonging to the late Iron Age/ early 
Roman burials which were buried at 0.23m and the late Roman burials at 0.25m. This difference in 
burial depth across a cemetery may give indicators of the status of the individuals interred there, but 
may also be due to practical issues and differences in the burial matrix.  Panhuysen (70) found no 
differences in depths of graves at cemeteries in Maastricht, The Netherlands. Sellevold (71) found that 
the length of the grave did not correspond with the age of child and graves for newborns did not vary 
in size or length. Acsádi and Nemeskéri (17) also reported no differences in grave depths between 
adults and non-adults from a selection of Hungarian sites. 
Shallow burials make detection and disturbance by scavengers’ easier (72). In cases of scavenging by 
animals it is often the small bones that are disturbed, and the spongy, marrow rich bone that is 
preferred for gnawing (73). Morton and Lord (23) found that child sized remains were removed from a 
shallow burial within the first week of burial and scattered over a significant area. They also reported 
that remains interred in shallow graves/burials were subjected to greater scattering than those that 
decomposed on the surface. This indicates that those bodies buried just below the surface are more 
prone to destruction and scattering than those in deeper burials.  Shallow burial also makes the 
skeleton more susceptibility to plough damage (Figure 6).  Scull (74) observed at Watchfield cemetery 
in Oxfordshire that infants and young children were interred in shallow graves and those burials 
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recovered were within or at the base of the ploughsoil. In a recent study by Manifold (unpublished), on 
the grave depths of non-adult and adult burials from a number of Roman and early medieval 
cemeteries were recorded and the age of the non-adult was explored to see if there was difference in 
the type of burial the received. It was found that those non-adults in the 0-1 year age category were 
consistently buried at less depth than the older children and adults (Figure 7). Overall, it was found 
that the non-adults were buried at less depth than the adults (Figure 8).  In the Roman period, there 
does appear to be differences in the grave depths of non-adults in this age category. It is seen 
consistently through both periods. In the Roman period, the average depth for the 0-1 year group is 
32cms, whereas for the 1-4 years group the average depth is 38cms. A further increase in depth is 
seen in the 5-10 years age category with an average depth of 43cms. In the older age category of 11-
17 years, an average of 39cms. In contrast to the average adult burial depth of the Roman period 
which is 57cms and for the non-adults 34cms. Similar results were obtained for the Anglo-Saxon 
period with the 0-1 year age category having an average depth of 35cms and the older age groups 
having an increasing depth with an average of 40 cm for the 1-4 years, 42cm for the 5-10 years and 
45cm for the 11-17 years.  The overall average for the Anglo-Saxon period for the non-adults is 43cm 
and for the adults 49cm (Manifold, unpublished). This may reflect the age of the child and the size of 
the child, rather than lack of care. With regard to the depths of burials in the medieval periods 
onwards, they appear to vary considerable and cannot be predicted with confidence; also in many 
large urban cemeteries intercutting of graves have occurred, so it is difficult to assign a depth to the 
original grave. As children appear to be buried at similar depths to those of adults, it may indicate a 
difference in views towards the acceptance of children as full members of the community. 
 
Conclusions  
The evidence from the taphonomy literature does suggest that infant and children’s remains do 
decompose, and that smaller bones, with higher collagen and lower density are more prone to decay 
more rapidly than their adult counterparts. The literature also suggests that non-adults remains have 
the potential to be well-preserved, despite the many factors involved in their decay. Preservation is just 
one of several reasons why a lack of infants and child remains exist in the burial environment. Burial 
practice and excavation techniques need to be considered also. There appear to be a distinction in the 
grave depth between adults and children. Shallow graves can makes non-adult burials more prone to 
damage. With non-adults now been given more consideration at excavations, and as more sites are 
published, a true picture of ‘under-representation’ should emerge.  
 
Acknowledgements 
This research was funded by the University of Reading. 
    M a n i f o l d                                                             R E V I E W  
 
    Bull Int Assoc Paleodont. Volume 6, Number 2, 2012 







1. Efremov IA. Taphonomy: a new branch of paleontology. Pan-Amer Geol. 1940;  74:81-93. 
2. Andrews P, Bello S. Pattern in human burial practice. In: Gowland R, Knüsel C, editors. Social Archaeology of Funerary 
Remains. Oxford: Oxbow; 2006. p.16-29.  
3. Bonnichsen R.  An introduction to taphonomy with an archaeological focus. In: Sorg MN, Bonnichsen R, editors. Bone 
Modification. Orono:  Center for the study of the first Americans, University of Maine; 1989. p. 1-6. 
4. Olsen EC. Taphonomy: its history and role in the community Evolution. In: Behrensmeyer AK, Hill AP, editors.  Fossils in the 
Making: Vertebrate Taphonomy and Paleoecology. Chicago: University of Chicago; 1980. p. 5-19. 
5. Millard AR, Hedges REM. The role of the environment in uranium uptake in buried bone. J Archaeol Sci. 1995; 22: 239-250. 
6. Clarke J, Kietzke KK. Paleoecology of the lower Nodular zone, brule formation, in the big badlands of South Dakota. In: 
Clarke J, Beerbower JR, Keitzke KK, editors. Oligocene Sedimentation Stratigraphy, Paleoecology and Paleoclimatology in the 
big badlands of South Dakota. Fieldiana: Geology Memoir; 1967.  p. 111-137. 
7. Johnston RC. Models and methods of analysis of the mode of formation of fossil assemblages. Geo Soc Amer. 1960; 
73:1078-1086. 
8. Behrensmeyer AK. Taphonomy and paleoecology in the hominid fossil record. Yearb Phys Anthropol. 1975; 19:36-50. 
9. Dart R.  The predatory implemental technique of the australopithecines. Am J Phys Anthropol. 1949; 7:1-16. 
10. Dart R.  Myth of the bone-accumulating hyena. Am Anthropol. 1956; 58:40-62. 
11. Dart R. The bone tools manufacturing ability of Australopithecus Prometheus. Am Anthropol. 1960; 62:134-138. 
12. Binford LR.  Bones: Ancient Men and Modern Myths. New York: Academic Press; 1981. 
13. Lyman RL. Vertebrae Taphonomy. Cambridge: Cambridge University Press; 1996. 
14. Haglund WD, Sorg MH. Forensic Taphonomy: The Post mortem Fate of Human Remains. Boco Raton: CRC Press; 1997. 
15. Haglund WD, Sorg MH. Advances in Forensic Taphonomy: Method, Theory and Archaeological Perspectives. Boco Raton: 
CRC Press; 2002. 
16. Angel JL. The bases of paleodemography. Am J Phys Anthropol. 1969; 30: 427-438. 
17. Acsádi G, Nemeskéri J.  History of Human Lifespan and Mortality. Budapest: Akademiaí Kiado; 1970.  
18. Weiss KM.  Demographic models in anthropology. Am Antiq. 1973; 38:2 Memoir 27. 
19. Chamberlain A. Demography in Archaeology. Cambridge: Cambridge University Press; 2006.  
20. Guy H, Masset C, Baud CA.  Infant taphonomy. Int J Osteoarchaeol. 1997; 7:221-229 
21. Waldron T.  The relative survival of the human skeleton: implications for paleopathology. In: Boddington A, Garland AN, 
Janaway RC, editors. Death, Decay and Reconstruction: Approaches to Archaeology and Forensic Science. Manchester: 
Manchester University Press; 1987. p. 55-64. 
22. Morton RJ, Lord W. Detection and recovery of abducted and murdered children: behavioural and taphonomic influences. In: 
Haglund W, Sorg M. Editors.  Advances in Forensic Taphonomy: Methods, Theory and Archaeological Perspectives. New York: 
CRC Press; 2002. p. 151-171. 
23. Morton RJ, Lord WD.  Taphonomy of child-sized remains: A study of scattering and scavenging in Virginia, USA. J Forensic 
Sci. 2006; 51(3): 475-479. 
24. Manifold BM. The representation of non-adult skeletal elements recovered from British archaeological sites. Childhood in 
the past. 2010; 3:43-62. 
25. Mays S. Papers from bone taphonomy workshop at York, September 1991. Circaea 9. 1992; (2): 54-58. 
26. Von Endt DW, Ortner DJ.  Experiment effects of bone size and temperature on bone diagenesis. J Archaeol Sci. 1984; 
11:247-253. 
27. Bello SM, Thomann A, Signoli M, Dutour O, Andrews P.  Age and sex bias in the reconstruction of past population 
structures. Am J Phys Anthropol. 2006; 129:24-38. 
28. Ingvarson-Sundström A.  Children lost and found: a bioarchaeological study of Middle Helladic children in Asine with 
    M a n i f o l d                                                             R E V I E W  
 
    Bull Int Assoc Paleodont. Volume 6, Number 2, 2012 
    www.paleodontology.com  
63 
comparison to Lerna. PhD Thesis, Sweden: Uppsala University, Uppsala. 2003.  
29. Henderson J.  Factors determining the state of preservation of human remains. Boddington A, Garland AN, Janaway RC, 
editors.  Death, Decay and Reconstruction: Approaches to Archaeology and Forensic Science. Manchester:  Manchester 
University Press; 1987. p. 43-54. 
30. Breitmeier D, Graefe-Kirci U, Albrecht K, Weber M, Tröger HD,  Kleeman WJ.  Evaluation of the correlation between time 
corpses spent in in-ground graves and findings at Exhumation. Forensic Sci Int. 2005; 154:218-223. 
31. Lewis ME.  Life and death in a civitas capital: metabolic disease and trauma in the children from late Roman Dorchester, 
Dorset.  Am J Phys Anthropol.  2010; 142 (3); 405-416.  
32. Chaplin RE. The Study of Animal Bones from Archaeological Sites. London: Seminar Press; 1971. 
33. Zapata J, Pèrez-Sirvent C, Martínez-Sánchez MJ, Tovar P.  Diagenesis, not biogenesis: two late Roman skeletal examples. 
Sci Total Environ. 2006; 369:357-368. 
34. Hanson DB, Buikstra JE.  Histomorphological alteration in buried human bone from the lower Illinois Valley: implications for 
palaeodietary research. J Archaeol Sci. 1987; 14:549-563. 
35. Wittmers LE, Aufderheide AC, Pounds JG, Jones KW, Angel JL. Problems in determination of skeletal lead burden in 
archaeological samples: an example from the first African baptism church population. Am J Phys Anthropol. 2008; 136: 379-
386. 
36. Armour-Chelu M, Andrews P.  Surface modification of bone. In Bell M, Flower PJ, Hillson SW, editors.  The Experimental 
Earthwork Project, 1960-1992. Council for British Archaeology Research Report 100.  York: Council for British Archaeology; 
1996. p. 178-185. 
37. Nielsen-Marsh C.  The chemical degradation of bones. In: Cox M, Mays S, editors.  Human Osteology in Archaeology and 
Forensic Science. London: Greenwich Medical Media; 2000. p. 439-451. 
38. Hedges JW, Millard AR.  Bones and groundwater: towards the modelling of diagenetic processes. J Archaeol Sci. 1995; 
22:155-164. 
39. Hedges REM, Millard AR, Pike AWG.  Measurements and relationships of diagenetic alternations of bone from three 
archaeological sites. J Archaeol Sci. 1995; 22: 201-209. 
40. Nicholson RA.  Bone degradation, burial medium and species representation: debucking the myths, an experiment-based 
approach. J Archaeol Sci 1996; 23:513-533. 
41. Nielsen-Marsh C, Hedges REM. Patterns of diagenesis of bone I: the effects of site environments. J Archaeol Sci 2000; 27: 
1139-51.  
42. Janaway RC.  The decay of human burial remains and their associated materials. In: Hunter J, Roberts C, Martin A, editors.  
Studies in Crime: An Introduction to Forensic Archaeology. London:  Batsford; 1996. p. 58-85. 
43. Ferllini R.  Bone scatter on chalk: the importance of osteological knowledge and environmental assessment. In: Brickley MB, 
Ferllini R, editors.  Forensic Anthropology: Case Studies from Europe. Springfield: Charles C Thomas Publishing Ltd; 2007. p. 
216-231. 
44. French CAI. Geoarchaeology in Action: Studies in Soil Micromorphology and Landscape Evolution. London:  Routledge; 
2003. 
45. Brothwell D. Digging up Bones. Ithaca: Cornell University Press, 1981. 
46. Mays S. The Archaeology of Human Bones. London: Routledge; 1998. 
47. Locock M, Currie CK, Gray S. Chemical changes in buried animal bone: data from a postmedieval assemblages. Int J 
osteoarchaeol. 1992; 2: 297-304. 
48. Child AM.  Microbial taphonomy of archaeological bone. Stud Conserv. 1995; 40:19-30. 
49. Maat AK. Knowledge acquired from post-war exhumations. In: Boddington A, Garland AN, Janaway RC, editors. Death, 
Decay and Reconstruction: Approaches to Archaeology and Forensic Science. Manchester: Manchester University Press; 1987. 
p. 65-80. 
50. Carter DO, Yellowless D, Tibbett M. Temperature affects microbial decomposition of cadavers (Rattus rattus) in contrasting 
soils. Appl Soil Ecol. 2008; 40:129-137. 
51. Nord AG, Tronner K, Mattsson E, Borg GC, Ullén I.  Environmental threats to buried archaeological remains. Ambio. 2005; 
34 (3): 256-262. 
52. Mays S, Harding C, Heighway C. Wharram XI: The Churchyard. York: York University Archaeological Publication 13; 2007. 
53. Gordon CC, Buikstra JE. Soil pH, bone preservation, and sampling bias at mortuary sites. Am Antiq. 1981; 46:566-571. 
54. Walker P, Johnson J, Lambert P. Age and sex biases in the preservation of human skeletal remains. Am J Phys Anthropol. 
1988; 76:183-188. 
55. Nielsen-Marsh CM, Smith CI, Jans MME, Nord A, Kars H, Collins MJ.  Bone diagenesis in the European Holocene II: 
taphonomic and environmental considerations. J Archaeol Sci. 2007; 34(9): 1523-1531. 
56. Smith C, Jans M, Nielsen-Marsh C, Collins M.  Human and animal taphonomy in Europe: a physical and chemical point of 
view. In: Corona-M E, Arroyo-Cabrales J, editors.  Human and Faunal Relationships Reviewed: An Archaeozoological 
    M a n i f o l d                                                             R E V I E W  
 
    Bull Int Assoc Paleodont. Volume 6, Number 2, 2012 
    www.paleodontology.com  
64 
Approach. BAR International Series 1627.Oxford:  Archaeopress; 2007. p. 71-79. 
57. Quatrehomme G, Iscan MY.  Postmortem skeletal lesions. Forensic Sci Int. 1997; 89:155-165. 
58. Prangnell J, McGowan.  Soil temperature calculation for burial site analysis. Forensic Sci Int. 2009; 191 (1): 104-109. 
59. Nawrocki SP.  Forensic taphonomy. In: Blau S, Ubelaker DH, editors.  Handbook of Forensic Anthropology and 
Archaeology. California:  Left Coast Press; 2009. p. 284-294.  
60. Boddington A.  Survival and decay: flesh, bones and society. In: Boddington A, Garland AN, Janaway RC, editors.  Death, 
Decay, and Reconstruction: Approaches to Archaeology and Forensic Science. Manchester: Manchester University Press; 
1987. p. 3-9. 
61. Crist TA, Washburn A, Park H, Hood I, Hickey M. Cranial bone displacement as a taphonomic process in potential child 
abuse cases. In: Haglund W, Sorg M, editors.  Forensic Taphonomy: The Postmortem Fate of Human Remains. New York: 
CRC Press; 1997. p. 319-336. 
62. Erzinclioglu YZ.  The application of entomology to forensic medicine. Med Sci Law. 1983; 23:57-63. 
63. Wells C. Pseudopathology. In: Brothwell D, Sandison AT, editors. Diseases in Antiquity. Springfield Illinois: Thomas; 1967. 
p. 5-19.  
64. Rahtz P, Hirst S, Wright SM. Cannington Cemetery. Britannia Monographs Series, No 17; 2000. 
65. Murail P, Girard L. Biology and burial practices from the end of the 1st century AD to the beginning of the 5th century AD: 
the rural cemetery at Chantambre (Essonne, France). In: Pearce J, Millet M, Struck M, editors. Burial, Society and Context in 
the Roman world. Oxford: Oxbow; 2000. p. 105-111. 
66. Murail P, Maureille B, Peresinotto D, Geus F. An infant cemetery of the classic Kerma period (1750-1500 BC, island of Sai, 
Sudan). Antiq, 2004; 78 (300): 267-277. 
67. Drinkall G, Foreman M.  The Anglo-Saxon cemetery at Castledyke South, Barton-upon-Humber. Sheffield Excavations 
Reports 6. Sheffield: Academic Press; 1998.  
68.  Evison V I, Hill P.  Two Anglo-Saxon cemeteries at Beckford, Hereford and Worcester. Council for British Archaeology  
Research Report 103, York: Council for British Archaeology; 1996 
69. Waldron T. The human remains. St Peter’s Barton-upon-Humber, Lincolnshire: A Parish Church and its Community. Vol 2. 
Oxford: Oxbow Books; 2007.  
70. Panhuysen R.  Child mortality in early medieval Maastricht: missing children? Journal of Paleopathology. 1999; 11:94. 
71. Sellevold BJ.  Children’s skeletons and graves in Scandinavian archaeology. In: De Boe G, Verhaeghe F, editors.  Death 
and Burial in Medieval Europe. Belgium:  I.A.P. Rapporten; 1997. p. 15-25. 
72. Rodriguez WC, Bass WM. Insect activity with its relationship to decay rates of human cadavers in east Tennessee. J 
Forensic Sci. 1983; 28(2): 423-430. 
73. Gill-King H. Chemical and ultrastructural aspects of decomposition. In: Haglund WD, Sorg MH, editors.  Forensic 
Taphonomy: The Post Mortem Fate of Human Remains. Florida: CRC Press; 1997. p. 93-100. 
74. Scull C. Comment. In: Hines J. The Anglo-Saxons from the Migration Period to the Eighth Century: An Ethnographic 
Perspective. Woodbridge: Boydell Press; 1997. p. 164. 
75. Soil atlas of Europe. European Commisson. European Soil Bureau Network. 2005. 





    M a n i f o l d                                                             R E V I E W  
 
    Bull Int Assoc Paleodont. Volume 6, Number 2, 2012 
    www.paleodontology.com  
65 
 
Soil group  Where found 
Alluvial soils  Lincolnshire, Kent and Norfolk 
Coastal sandy regosols 
Highlands, Moray, Aberdeenshire, Lincolnshire, Norfolk, 
Lancashire and Cumbria 
Rendzinas or calcaric brown soils, with associated luvic brown 
soils 
Hampshire, Wiltshire, Gloucestershire, Yorkshire, and North 
Lincolnshire 
Brown soils, mainly sandy, with associated rendzinas, podzols 
or gley soils 
Norfolk and Suffolk 
Brown soils, mainly orthic or prodzolic, with gley soils and 
rankers 
Aberdeenshire, Fife, Angus, Cornwall, Devon, Pembrokeshire, 
Ceredigion and Powys 
Brown soils, mainly luvic with gley soils Kent, Herefordshire, Hertfordshire, Devon, Bath and Glamorgan 
Podzols with brown and gley soils Dorset, Surrey 
Non-hydromorphic Podzols and podzolic brown soils, with 
stahnopodzols and gley soils 
Cornwall, Devon, Highlands, Moray, Aberdeenshire 
Oro-artic podzols, rankers and lithosols with gley and peat soils Highlands, Perth and Stirling 
Pelo-calcaric brown or pelocalcaric gley soils, with associated 
brown and gley soils 
Essex, Cambridgeshire, Northamptonshire, Lincolnshire, Dorset, 
Wiltshire and Oxfordshire 
Gley soils, mainly orthic or luvic with brown soils 
Norfolk, Sussex, Surrey, Kent, Devon, Leicestershire. Powys, 
Shropshire, Cheshire, Lancashire, Yorkshire, Northumberland, 
Lothian and Ayreshire. 
Lowland peat bogs (fens and raised) with humic gley soils North Lincolnshire, Cambridgeshire 
Bog soils (blanket) 
Highlands, Dumfries ad Galloway, Scottish borders, 
Northumberland, Cumbria, Conwy, Gwynedd, Devon and 
Yorkshire 
 





MAIN SOIL AND SEDIMENT 
TYPE 
TYPICAL LOCATIONS COMMENTS 
Acid, pH <5.5, oxic Podsols and other leaching soils 
Heathland, uplands moors, 
some river gravels 
Soils are fully aerated; develop 
on nutrients-poor and freely-
draining parent materials. 
Organic materials not normally 
preserved (i.e bone) 
Basic, pH >7.0. oxic 
Rendsinas, lake marls, tufa, 
alluvium, shell sand 
Chalk and limestone areas, 
valley bottoms 
Soils are calcareous in nature. 
Good preservation of organic 
material, with possible eroded 
surfaces 
Neutral, pH 5.5-7.0, aerobic 
Brownearths  and gleys, river 
gravels  
Clay vales and other lowland 
plains 
This type of soil is prone to 
waterlogging. Organic 
materials can be poorly 
preserved 
Acid or basic, anoxic Peats and organic deposits 
Urban sites, wetlands, river 
floodplains 
Varied conditions. Most kinds 
of biological materials are 
preserved 
 
Table 2 Preservation environments with reference to pH, adapted from Evans and O’Connor (76) 
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Figure 1 The fragmentary remains of a non-adult skeleton from the site of Auldhame, Scotland  
(Photo: Bernadette Manifold) 
 
 
Figure 2 Well preserved non-adult skeleton from the site of Great Chesterford, Cambridgeshire 
(Photo: Bernadette Manifold) 
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Figure 3 Example of metabolic disease on the ribs of a non
Yorkshire
 
Figure 4 Example of a skeleton interred in a chalk environment from the site of Bishopstone, Sussex
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-adult from the site of Wharram Percy, 
 (Photo: Bernadette Manifold) 
 
(Photo: Bernadette Manifold) 
 
ebrae of a non-adult skeleton from the site of Auldhame, 
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Figure 6 Example of root etching on the skull of a non-adult from the site of Great Chesterford, 
Cambridgeshire (Photo: Bernadette Manifold) 
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Figure 8 Adult and non-adult grave depths 
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